Two hundred twenty-eight crossbred steers (304 kg) were used in a 125-d comparative slaughter trial to evaluate the influence of level and source of supplemental fats on their feeding value for feedlot cattle. Dietary treatments consisted of a steam-rolled, barleybased finishing diet containing 1) no supplemental fat; 2) 4% yellow grease (YG); 3) 4% blended animal-vegetable fat (BVF); 4) 8% YG; 5) 8% BVF or 6) 6% BVF and 2% crude soybean lecithin. Increasing level of supplemental fat in the diet resulted in linear improvements (P < .01) in weight gain, feed conversion and NE value of the diet. Estimated NE values of YG and BVF were similar and did not appear to be influenced by level of supplementation, averaging 5.78 and 4.61 Mcal/kg for maintenance and gain, respectively. Fat supplementation resulted in linear increases in empty body fat (P < .01), kidney, pelvic and heart fat (P < .01) and marbling score (P < .05). Partially replacing BVF with lecithin did not influence (P > .10) steer performance, carcass merit or estimated NE value of the diet. The comparative feeding value (in terms of both diet acceptability and NE value) of the supplemental fats tested was similar and was apparently not influenced by level of supplementation up to 8% of diet DM.
Introduction
The practical constraints or limits for optimal utilization of supplemental fats in growing-finishing diets for feedlot steers have not been resolved. Of particular concern is how level of fat supplementation influences its comparative feeding value. Depressions in growth rate have been noted with levels of supplementation as low as 3% (Hatch et al., 1972) ; however, the greatest depressions have been observed for levels greater than 5% of diet DM (Hentges et al., 1954; Lofgreen, 1965; Hatch et al., 1972) . The objectives of this study were to evaluate the impact of level of supplementation of yellow grease (YG) and blended animal-vegetable fat (BVF) on feedlot cattle growth rate and net energy value of the diet and to determine the influence of substituting 25% crude lecithin for BVF on its corresponding feeding values.
Experimental Procedure
Two hundred twenty-eight crossbred (approximately 50% Brahman blood with the remainder represented by Hereford, Angus, Shorthorn and Charolais breeds in various proportions) steers with an average weight of 333 kg were used in a 125-d comparative slaughter trial. Six dietary treatments were compared: 1) basal diet containing no supplemental fat; 2) basal diet plus 4% YG; 3) basal diet plus 4% BVG; 4) basal diet plus 8% YG; 5) basal diet plus 8% BVF and 6) basal diet plus 6% BVF and 2% crude corn-soy lecithin. Composition of the experimental diets is (Garrett and Hinman, 1969) . Final empty body weight and empty body and carcass composition (percentage water, protein, fat and energy) were based on final carcass weight and carcass specific gravity, respectively (Garrett and Hinman, 1969 The constants .0655 and .131 represent the amounts of supplemental fat plus cottonseed meal that replaced steam-flaked corn in diets with fat supplemented at the 4 and 8% levels, respectively ( Table 1 ). The constants .389 and .611 correspond to the proportion of cottonseed meal and supplemental fat, respectively, in the supplemental fat plus cottonseed meal that replaced steam-flaked corn. The data in this trial were analyzed as a randomized complete block design experiment (Hicks, 1973) with pen as the experimental unit. Treatment effects were tested by the following non-orthogonal comparisons: 1) linear effect of 0, 4 and 8% supplemental fat; 2) quadratic effect of 0, 4 and 8% supplemental fat; 3) YG vs BVF; 4) interaction of YG and BVG at the 4 and 8% levels of supplementation and 5) BVF vs BVF plus lecithin. In the event of an interaction (P < .10) between YG and BVF at the 4 and 8% levels of supplementation (observed only for KPH), two additional contrasts were drawn: I) 4% vs 8% supplemental YG and 2) 4% vs 8% supplemental BVF.
Results and Discussion
Chemical analyses of supplemental fats are shown in Table 2 . Yellow grease and BVF are the primary sources of commercial feed fats used in diets for cattle. The term "yellow grease" describes its yellow appearance. It also is called "restaurant grease," because it is composed of any combination of waste greases collected from bakeries, restaurants, school cafeterias, etc., and(or) rendered animal fat. Because of its diverse origin, YG is not uniform in composition from area to area or plant to plant. According to standards set by the American Fats and Oils Association (AFOA, 1988) , YG has a maximum of 15% free fatty acids, no refined and bleached color and a maximum sum of 2% for moisture, impurities and unsaponifiables. As shown in "Yellow grease. bBiendod animal-vegetable fat. CBlended animal-vegetable fat (75%) plus crude cornsoy lecithin (25%). Table 2 , the YG used in this study conformed to these general standards.
Blended animal-vegetable fats are a mixture, in any proportion, of rendered animal fat or grease, restaurant grease, hydrolyzed animal fat or vegetable oil and acidulated vegetable or animal soap stocks. As with YG, BVF is not uniform in composition and, thus, it is misleading to generalize or typify its characteristics. However, compared with YG, BVF are dark in appearance and usually are higher in ZINN free fatty acids and unsaponifiable matter (Ostby, 1986) . Blended animal-vegetable fats also tend to be higher than YG in iodine value, although, as shown in Table 2 , the iodine value of the BVF used in this study was lower than that of YG. The low iodine value as well as the comparatively higher lauric and palmitic acid concentrations presumably reflect a high content of palm oil soap stock in the BVF used in this study. Typical quality specifications for BVF are 90% minimum total fatty acids, 50% maximum free fatty acids, 1.5% maximum moisture, 1.0% maximum impurities and 3.5% maximum unsaponifiables. The BVF used in this study conformed, generally, with these standards, although it slightly exceeded specifications for maximum unsaponifiables.
From time to time, when demand for "degummed oils" are high, large amounts of surplus crude lecithin become available for use in feed fat blends. Crude lecithin may contain 30 to 40% oil and 60 to 70% phosphatides (Szuhaj, 1983) . As shown in Table 2 , the principal effect on chemical analysis of substituting 25% crude lecithin for BVF to form BVF plus lecithin was to increase iodine value, which reflects an increase in linoleic acid concentration.
The influence of 0, 4 and 8% supplemental fat on feedlot cattle growth performance and net energy value of the diet is shown in Table  3 . Fat supplementation resulted in a linear increase (P < .01) in empty body weight gain. This was reflected in a linear increase in rate of empty body protein (P < .10), fat (P < .01) The basis for increased weight gain with increasing levels of fat supplementation observed in this trial is uncertain. Although some studies (Hentges et al., 1954; Bohman et al., 1957; Bohman and Lesperance, 1962; Broster et al., 1965; Brandt, 1988; Zinn, 1988) also have demonstrated increased rates of weight gain with fat supplementation at levels up to 5% of diet DM, other studies have indicated no effect (Hubbert et al., 1961; Lofgreen, 1965) or depressed performance (Lofgreen, 1965; Hatch et al., 1972; Johnson and McClure, 1972; Buchanan-Smith et al., 1974) . Depressions in performance has been noted with levels of supplementation as low as 3% (Hatch et al., 1972) ; however, the greatest depressions in rate of gain have been observed for levels greater than 5% of diet DM (Hentges et al., FAT FOR FEEDLOT STEERS 1033 1954 Lofgreen, 1965; Hatch et al., 1972) .
Considerable attention has been directed at explaining the variability in weight gain response by cattle fed fat-supplemented diets. Factors that might be implicated include diet energy density, ingredient composition of the basal diet and diet acceptability. When low energy density of the basal diet limits animal growth performance, increasing the energy density by fat supplementation should increase energy intake and, consequently, increase rate of weight gain. Of the seven studies mentioned in which fat supplementation resulted in increased daily weight gain, only those diets used in the present study and those of Brandt (1988) and Zinn (1988) were sufficiently high in energy density that it could be concluded that energy density did not limit energy intake.
With respect to composition of the basal diet, Hale (1986) noted that the general response to supplemental fat was poorer with corn-based diets than with barley-, wheat-or milo-based diets. This concept is supported, in part, by the observation that the positive responses to fat supplementation in the present study and those of Brandt (1988) and Zinn (1988) were obtained with steam-rolled barleyor milo-based finishing diets, whereas negative responses to fat supplementation (BuchananSmith et al., 1972; Hatch et al., 1972; Johnson and McClure, 1972) were obtained with cornbased diets. One exception to this trend is the study of Lofgreen (1965) , which involved a bKidney, pelvic and heart fat as a percentage of carcass weight.
CLinear effect, P < .10.
dCoded: minimum slight = 4, minimum small = 5, etc.
eLinear effect, P < .05. aBiended animal-vegetable fat.
70% barley-based finishing diet. In that study, depressed performance was noted only at the 10% level of fat supplementation. The basis for a less positive response to fat supplementation of corn-based finishing diets may be related to a higher fat content of the basal diet, attributable to the proportionately higher fat content of corn than of barley, milo or wheat (NRC, 1984) . Marked reduction in feed intake is the most consistent detrimental effect observed with fat supplementation and, after this occurs, growth rate may continue to be mediocre even after fat has been removed from the diet (Hatch et al., 1972) . Whether this effect is due to diet acceptability or to metabolic regulation is unknown. Little work has been done to study the nature of adaptation by feediot cattle to fat supplementation. It is recommended that fat be introduced into the diet gradually. With the present trial and that of Zinn (1988) , steers had been consuming a diet containing approximately 4% supplemental fat prior to initiation of these trials.
Several studies (Jones et al., 1961; Thompson et al., 1967; Hatch et al., 1972; BuchananSmith et al., 1974) have implicated urea supplementation as a negative factor affecting acceptability or consumption of fat-supplemented diets. However, because positive performance responses to fat supplementation were observed for urea-supplemented diets in the present study as well as that of Zinn (1988) , the general applicability of this concept may be questioned.
The influence of level of fat supplementation on carcass merit and composition of gain is shown in Table 4 . Level of fat supplementation resulted in linear increases in percentage KPH (P < .01), empty body fat (P < .01) and marbling score (P < .10) and linear decreases in retail yield ( P < .05) and percentage empty body water (P < .01) and protein (P < .01). Due to differences in final carcass weight and rate of gain with fat supplementation, it is difficult to separate differences in rate of gain from composition of gain. However, an increase in the percentage KPH with fat supplementation has been observed consistently in previous studies (Cameron and Hogue, 1968; Gardner and Wallentine, 1972; Haaian0 et al., 1981; Zinn, 1988) , even in situations where rate of weight gain was similar to or slower than that of unsupplemented steers (Haaland et al., 1981) .
The main effects of YG and BVF supplementation on feedlot cattle growth rate and estimated net energy value of the diet are summarized in Table 5 . Empty body weight gain, feed intake and feed conversion were similar (P > .10) for the two fat sources. This result should not be generalized to mean that the feeding value of fats will be similar, irrespective of source. For example, Lofgreen (1965) noted similar responses in weight gain and feed intake for diets supplemented with YG or cottonseed loots; however, growth performance was comparatively poorer for tallow-supplemented diets. In one trial, Brandt (1988) noted superior performance by steers consuming a finishing diet containing supplemental tallow or a blended fat containing 70% (Zinn, 1988) , further supporting the contention that current tabular estimates (NRC, 1984) considerably underestimate the feeding value of fat for feedlot cattle. The lower (8.3%) apparent net energy value of BVF compared with YG could be misleading, because this difference was not significant (P > .10; Table 4 ).
Differences in main effects of YG and BVF with respect to carcass merit were small (P > .10; Table 6 ). There was, however, an interaction (P < .05) between fat source and level of supplementation with respect to percentage of KPH. Percentage KPH at the 4 and 8% levels of supplementation averaged 3.14 and 3.19 for YG and 3.00 and 3.51 (SD = .26) for BVF, respectively. Thus, increasing the level of supplementation from 4 to 8% BVF resulted in a 17% increase (P < .05) in KPH, whereas added YG did not influence (P > .10) KPH. Partially replacing BVF with crude corn-soy lecithin did not influence (P > .10) either steer growth rate and estimated net energy value of the diet (Table 7) or carcass merit and body composition (Table 8) . Estimated NEm and NEg values at the 8% level of supplementation were 5.78 and 4.65 for BVF and 5.24 and 4.17 Mcal/kg BVFL, respectively. Again, because partially replacing BVF with lecithin did not significantly influence ( P > .10) the estimated NE value of the complete diets, caution is warranted in interpreting this lower (11%) NE value of BVFL. The feeding value of lecithin in fat blends has not been otherwise evaluated in ruminants. However, when 3% soybean lecithin was fed as the sole source of supplemental fat for chicks, its feeding value was found to be similar to that of tallow and soybean oil (Bornstein and Lipstein, 1961) .
It is concluded that 1) the comparative feeding value of YG and BVF, evaluated in this trial, were similar; 2) combining 25% crude lecithin with BVF did not reduce the feeding value of the supplemental fat; 3) estimated NEm and NEg for supplemental fats were considerably higher than current feed standards (NRC, 1984) , but were similar to estimates obtained in previous studies (Zinn, 1988 ) averaging 5.78 and 4.61 Mcal/kg, respectively; 4) increasing the level of fat supplementation from 4 to 8% did not appreciably reduce the comparative feeding value of fat in barley-based finishing diets and 5) fat supplementation of a barley-based finishing diet may improve weight gain and feed conversion at levels of supplementation as high as 8% of diet DM.
